We report the computation of the matrix element of the chromomagnetic operator of the flavour changing neutral current (FCNC)-type between a B-or D-meson state and a light hadron and off-shell photon. The computation is carried out by using the method of light-cone sum rules (LCSR). It is found that the matrix element exhibits a large strong phase for which we give a long distance interpretation. The analytic structure of the correlation function in use admits a complex anomalous threshold on the physical sheet, the meaning and handling of which within the sum rule approach is discussed. We compare our results to QCD factorisation for which spectator photon emission is end-point divergent.
Introduction
The chromomagnetic operator of the b → s-type is defined as follows: The motivation for our work [1] is twofold: first, to provide an estimate of the chromomagnetic matrix element; and second, to compare it with the QCD factorisation (QCDF) calculation. The matrix element is of importance for isospin asymmetries [2, 3, 4, 5, 6] , as the photon can be emitted from the spectator quark, and for testing for weak phases in C ( ) 8 [7, 8] , which may be related to the relatively large direct CP-violation in D 0 → π + π − /K + K − [10] . The comparison with QCDF is not natural as LCSR are not tailored around the heavy quark expansion and contain additional contributions not inherent in the QCDF calculation. Possibly the most 1 The coefficient k is convention dependent and C 8 is the Wilson coefficient.
surprising outcome of our investigations is the appearance of a complex anomalous threshold on the physical sheet in the correlation function used to extract the matrix element.
Definitions and computation
We aim to compute the following matrix element
where V stands for a light vector meson of the ρ, K * ,etc.-type and the star indicates that the photon γ can be offshell, i.e. q 2 0. The formalism allows us to extract the matrix element above with the B-meson replaced by a D-meson as well as the V-meson replaced by a light pseudoscalar of the π, K,etc.-type. Throughout this write-up we shall refer mostly to theB → Vγ * transition and replacements for the other decays are considered implied. Eq. (2) decomposes into the following transverse Lorentz structures
2 The factor c V is inserted to absorb trivial factors due to the ω ∼ (ūu +dd)/
2 in all other transitions into ω and ρ 0 , and c V = 1 otherwise.
(q ρ P ρ ι = 0 where ι ∈ {1, 2, 3, T })
The prefactor k G ≡ −2e/g is chosen such that G i and G T parallel the standard form factors T 1 and f T in the sense that the amplitude reads A(b → s) ∝ (C 7 T 1 +C 8 G 1 )P 1 + .. and likewise in the pseudoscalar case. Under the re-
, at our level of approximation 3 , the matrix element transforms as follows,
by virtue of parity conservation of QCD.
The matrix element is extracted from the following correlation function:
where J B = im bb γ 5 q plays the role of the interpolating current for the B-meson. At leading order in α s there are a total of twelve graphs. We divide these into those where the gluon connects to the spectator quark (s) and those where it connects to the non-spectator quark (ns):
The four diagrams denoted by A 1 to A 4 in Fig.1 (top,middle) contribute to G and logarithmic terms, has been obtained in the inclusive case in [11] 5 . The two diagrams where the photon is emitted from the spectator quark and the gluon connects to the non-spectator quark are not shown. They are expected to be small since no fraction of the m b -rest mass is transmitted to the energetic photon. The diagrams are computed via the light-cone operator product expansion (LC-OPE), since the correlation function is believed to be dominated by light-like distances. Schematically this amounts to to a convolution between a perturbatively calculable hard scattering kernel T H and light-cone distribution amplitudes (DA) φ:
The sum extends over increasing orders of twist, defined as the dimension of the operator minus its spin projection, and the variable u stands for the momentum fraction of the strange quark in the light meson. We limit ourselves to leading twist-2.
Sum rules and anomalous thresholds
For the important steps of selecting cuts for the dispersion relation and Borel transformation we refer the reader to the main paper [1] . We shall quote here an intermediate expression,
that relates an on-shell matrix element to an integral over an off-shell correlation function. Γ is a closed path on the physical Riemann sheet that does not contain any singularities such as poles and cuts. Γ NP is of the same type except that it contains the pole of the matrix element. At this stage the relation is exact but admittedly rather cryptic. In sum rules the analytic structure of the correlation functions is usually such that the singularities are on the real line. In the case at hand though it happens that there is an anomalous threshold extending into the complex plane. Let us explain in more detail: after the reduction to scalar integrals the Passarino- Fig. 2 . The fact that this function has an anomalous threshold extending into the lower half-plane, for q 2 > 0 and appropriate momentum fraction u, can be seen in various ways. First, using the explicit result valid on the real line we can show by uniqueness of analytic continuation from the real line that there must be singularities in the complex plane [1] . Second, by setting m to its physical value [1] . The analytic structure of this function is depicted in Fig. 2 for a simplified set of variables. Further to that, the work of Källén and Wightman [16] shows that anomalous thresholds are present in the corresponding triangle function of the full theory using a minimal number of axioms. This almost implies that the anomalous thresholds are present in the full theory: the loophole is that the reduction to a scalar object in the non-perturbative case is not as efficient as for the oneloop case; thus it could in principle be that the contributions cancel, however this is unlikely and in any case not relevant to our discussion. The important point is that the Re[s − ] and thus the rest the anomalous branch cut is well above the m B -pole, and the anomalous cut is part of what is usually called the continuum contribution in sum rules. In the following paragraph we aim to discuss to what extent these anomalous thresholds are surprising and what their meaning is in the hope of clarifying to the reader some of our brief argumentation above.
The crucial point is that the correspondence between matrix elements and correlation functions is complicated when the number of legs increases. Let us begin by discussing the simplest case. For a two-point function of gauge invariant operators, a dispersion representation is in one-to-one correspondence with the insertion of a complete set of states as is explicit in the celebrated Källén-Lehmann representation [18] and derivations thereof. Thus the analytic structure in the complex plane of the four momentum invariant has a cut and poles on the real line starting from the lowest state in the spectrum. For correlation functions with three or more fields, there is no such direct relation. It seems preferable to think of the analytic structure (singularity structure) as a fundamental part of the correlation function rather than as the insertion of a complete set of states. For the dispersion relation, which is essentially an application of Cauchy's integral theorem, it is immaterial whether the singularities are of the normal or anomalous type. Normal thresholds are related to unitarity, that is to say to the insertion of a complete set of states. Anomalous thresholds do not have such an interpretation. In fact, the anomalous threshold of the triangle graph in perturbation theory corresponds to the leading Landau singularity which in turn amounts to setting all the propagators on the mass shell. One out of the two solutions s ± of the (leading) Landau equations turns out to be the end of the anomalous threshold (Fig. 2) , whereas the other one is not on the physical sheet. We should add that determining which Riemannsheet a complex singularity is on is generally a difficult problem.
Results
We refer the reader to reference [1] for some explicit analytic results. The results of G We consider it worthwhile to quickly mention how the various projections of the DAs contribute to the matrix elements and how they are interrelated. At twist-2 there are seven contributions:
It turns out that (9) can be fully reconstructed by knowing the three subparts G Thus there are four relations:
1 . The third relation assures a finite decay width in the limit m 2 V → 0 (as employed here) [6] . The fourth relation is of the large energy effective theory (LEET)-type as 
Re Im found for form factors [13] , whose origin is explained in appendix A of [? ] using the third relation and a generic ansatz. Furthermore, in the ultra-relativistic approximation m 2 V → 0, the projections G Fig. 3,4 as the DA of φ (u) and φ P (u) hardly differ in practice. The uncertainties, which are added in quadrature, are estimated to be between 25% and 35% [1] , for the b and c-transitions respectively, depending on the hadronic input. It worthwhile to point out that the uncertainties are higher for the charm transitions because of the low scale for α s .
Comparison with QCD-factorisation
We shall summarise here a few points of the discussion in chapter 5 of [1] on comparing the contributions of diagrams A 1,2 of Fig. 1 in the QCDF and LCSR approaches. These diagrams form a well defined subset as they are isospin dependent. Parameterising G 1 (0) as the QCDF [2] and LCSR [1] results read
withū ≡ 1 − u and
The endpoint divergence in QCDF arises as follows: assuming an endpoint behaviour φ ⊥ (u)
→ 6ūu, which is true at every finite order in the Gegenbauer expansion, it is readily seen that X QCDF ⊥ is logarithmically divergent (at the endpoint u = 1). On a purely technical level this happens because two propagators behave as 1/ūm 2 B c.f. Fig. 5 . In LCSR there is only one propagator with manifest 1/(ūm 2 B )-behaviour (c.f. Fig. 5 ) and there is no such term hidden in the loop as it would correspond to a power IR-divergence, and it is known that in four dimensions IR-singularities, whether they are soft or collinear, are at worst of logarithmic nature, e.g. [19] . Thus the worst behaviour that we can get is x LCS R ⊥ ∼ lnū/ū which is integrable, i.e. does not show an endpoint-divergence. Inspection or evaluation Eq. (10) [20] , is applied:
The logarithmic term indicates that this expression is not expandable in inverse powers of the heavy quark mass. In fact, the expansion of the density around
n+1 ) in our results. Are the LCSR and the QCDF to be seen on an equal footing when the leading heavy quark scaling behaviour is considered? The answer must be no as the former has a sizeable imaginary part whereas the latter is real (at leading order in α s ) [1] . This difference is due to the fact that LCSR contain additional contributions which are not present in the QCDF computation. An interpretation of the complex phase as a long distance phenomenon is given in the caption of Fig. 6 .
In regards to the discussion above it is seems worthwhile to point out that even though QCDF and LCSR are both based on LC-expansions in terms of hard kernels and DAs they differ on a conceptual level. QCDF computes physical processes in a direct way and is in that sense very transparent. LCSR is of an indirect nature as correlation functions are computed in which the matrix element in question appears as a residue of a pole. The matrix element is then extracted by manipulating the sum rule (Borel transformation) and considering appropriate kinematical limits. In this sense LCSR is akin to lattice-QCD extraction of matrix elements.
Conclusions
In this write up we have reported on the computation of matrix elements of heavy to light meson transitions induced by the O 8 operator using LCSR. We focused on the appearance of a complex anomalous threshold and on comparing our results with those previously computed in QCDF. A characteristic feature of the results is a large strong phase reflecting the long distance physics contained in these matrix elements. (left) Hadronic interpretation of the 3-particle cut in in terms of a long-distance hadronic process. The state (qs) 0 ± is any state, single or multiparticle, of spin zero withq and s quantum numbers. The latter is a source for the strong (CPeven) phase that we obtain for the G ι (q 2 )-functions.
